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Robert Stewart Erskine Hannay, Midiothian, Scotland, 
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The present application is a continuation-in-part of 
each of the following copending applications: Serial Num 
ber 722,042, filed January 14, 1947, which was allowed 
May 13, 1953, now forfeited; Serial Number 46,804, 
filed August 30, 1948, now abandoned; Serial Number 
90,995, filed May 2, 1949, now abandoned; Serial Num 
ber 90,996, filed May 2, 1949, now abandoned; and Serial 
Number 90,997, filed May 2, 1949, now abandoned. 

This invention relates to processes for the modification 
of textile materials by treatment with aqueous liquors 
at elevated temperatures and to apparatus for carrying 
out such processes. The term "textile materials' is in 
tended to embrace various materials as used in the tex 
tile industries, for example, fabric, felt, yarn, or webs 
of material, including, for example, cotton, wool, linen, 
acetate-rayon, nylon, viscose, silk, cuprammonium rayon, 
“Orlon,' a polyacrylonitrile fiber produced by E. I. 
duPont de Nemours & Co., "Terylene' and other natural 
or artificial materials, as well as glass fibers and material 
including the same. The term "textile' is not intended 
to restrict the scope of the invention to woven material. 
Such textile materials are characterized by possessing the 
property of being penetrable by conventional aqueous 
liquors used in dyeing and related processes, e.g., aqueous 
dye liquors and aqueous dye developing liquors. 

This invention particularly relates to new dyeing meth 
ods and continuous dyeing apparatus. . 

FIELD OF THE INVENTION 
The textile industry has many and varied processes 

for the treatment or modification of textile materials. 
One general type of such treatment processes is that 

in which the textile materials are modified by treatment 
with aqueous liquors at elevated temperatures. This in 
cludes such operations as dyeing, moth-proofing, scour 
ing, shrinking, size setting, rendering water-repellant, 
rendering crease-resistant, and the like. Each of the 
specific procedures which fall within the stated general 
type present special problems. This is especially true of 
those operations which come under the classification of dyeing. 
As an example of problems associated with dyeing are 

the difficulties experienced in obtaining uniformity of 
coior over the entire area of the goods. Thus, in the 
dyeing of cloth, for example, by a padding process, the 
cloth is usually passed through the dye liquor and subse 
quently through a mangle nip to express surplus liquor. 
Irregularities in the thickness of the cloth cause unequal 
squeezing with a tendency to express more liquor from 
the thicker than the thinner parts. This ultimately re 
sults in unevenness in coloration of the cloth, 
Unevenness in coloration of fabric in dyeing procedures 

takes place also in the type of process where extrusion 
of dye liquor is effected by a suction extractor which de 
pends upon the porosity of the cloth for the evenness of 
the results. This is also true in the case of a third dyeing 
process used in a dyeing jig or vessel in which the cloth 
is run through the liquor a sufficient number of times 
to obtain the desired result. However, because the con 
trol of this process is not easy due to difficulties of main 
taining ideal conditions of volume, temperatures and 
dyestuff concentrations, uneven coloring is hard, if not 
impossible, to eliminate. 

In operations in which textile materials are treated with 
aqueous liquors at elevated temperatures, heating of the 
material under treatment also presents serious problems. 
At present there are three main procedures employed to 
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heat textile material. First is the type in which heat is 
transferred to the textile or like material by convection. 
Such operations suffier from the defect that air is required 
which contacts the materials and may adversely effect the 
treatment. Such operations are also costly and relatively 
inefficient. 

Heating is accomplished by a second type operation in 
which a cylinder machine is employed and the material 
contacts the hot surface of the cylinder. Although such 
procedures are efficient from a thermal viewpoint, they 
suffer from the presence of air and in many cases cause 
an undesirable glazing of the surface of the cloth. 
The third distinct type of heating operation uses radiant 

heating with heat being conveyed to the material by radi 
ation. This type of operation is not only costly, but also 
suffers from the presence of air, particularly undesirable 
where dye liquors active with oxygen are used. 
Most procedures used in the treatment of textiles with 

aqueous liquors at elevated temperatures also involve a 
step where pressure is applied to the textile material. For 
example, in dyeing, a pressure application step is gen 
erally required to remove excess of dyeing liquors or the 
like. The established practices for pressure application 
in this field use either rollers or flat plates. Aside from 
the problems of uneven pressure particularly with cloth 
of irregular thickness, as indicated above, such procedures 
generally result in some defacement of the surface of the 
material. 
Aside from these problems which are experienced 

broadly in the treatment of textile materials with aqueous 
liquors, there are certain problems which are rather spe 
cific to the dyeing of textile materials. For example, 
the expense of the dyestuffs employed make it desirable 
to reduce the volume of unconsumed dye liquor remain 
ing at the end of a run to a minimum. It is further desir 
able to enable accurate matching of shades with a mini 
mum of effort and expense. It is still further of great 
benefit to avoid "tailing' difficulties without the use of a 
feed liquor of different composition from that of the origi 
nal dyebath. Also, efficient commercial operation re 
quires an ability to change dye baths with only a very 
Small shut down time and to enable a great variety of 
treatment operations to be performed on the same equip 
ment. Further, since most dyestuffs are of only limited 
Solubility, it is a great advantage to be able to operate 
efficiently and satisfactorily with dye baths at elevated 
temperatures at which increased solubility of the dyestuff 
is achieved enabling more dyestuff and hence deeper 
shades to be attained in a single pass. 

Other factors which may influence greatly the final 
results obtained in a dyeing operation include: the prepa 
ration which the cloth has received prior to dyeing, e.g., 
whether wetting agents or the like have been applied to 
the goods, the speed with which the cloth is run through the dyeing apparatus, the speed with which dyestuff 
liquors penetrate or are absorbed by the material under 
treatment, the adaptability of a particular process to 
treat materials composed of a variety of different fila 
ments, i.e. union materials, and the ability of dye pro 
cedure results obtained on test or laboratory scale to be 
duplicated on a commercial scale. 

OBJECTS 

A principal object of this invention is the provision of 
new methods for the modification of textile materials by 
the treatment thereof with aqueous liquors at elevated 
temperatures and the provision of new apparatus for use 
in connection with such procedures. Further objects 
include: - 

1. The provision of new methods for dyeing textile materials. 
2. The provision of new forms of dyeing apparatus. 
3. The provision of new procedures for the treatment 

of textile materials with aqueous liquors at elevated tem 
peratures which allow for uniform heating of the textile 
material, even with substantial variations in the thickness 
thereof, and at the same time eliminate air contact with 
the material during the high temperature treatment, all 
at low cost and at a high thermal efficiency. 

4. The provision of aqueous liquor treatment opera 
tions for use with textile materials which permit the uni 
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form application of pressure thereto substantially inde 
pendent of the thickness or configuration of the textile 
material under treatment. 

5. The provision of new dyeing methods in which the 
volume of dyeing liquor per unit of cloth is maintained 
substantially constant during the critical stage of effective 
fixation of the dyestuff material upon the goods without 
evaporation of the dyeing liquor or similar variation 
thereof during said critical stage. 

6. The provision of new dyeing operations in which a . 
uniform quantity and strength of dye per unit of fabric 
is insured substantially independent of the configuration 
or thickness of the goods, 

7. The provision of new dyeing procedures which 
enable deep shades to be applied with a single pass of the 
fabric through the dye liquor. 

8. The provision of new dyeing procedures which are 
relatively independent of the prior treatment or prepa 
ration of cloth and which do not require superlative cloth 
preparation for satisfactory, dyeing results. 

9. The provision of new dyeing methods which are 
relatively independent of the speed with which the cloth 
being dyed is passed through the dyeing equipment and 
which allow cloth to be dyed at very high rates of speed, 
e.g., dyeing times of as low as two seconds. 

10. New dyeing methods, which permit extreme uni 
formity of shade or coloration to be obtained with all 
varieties of textile materials, even those which vary 
greatly in thickness throughout a given area. 

11. The provision of new textile liquor treating appa 
ratus which is comparatively simple in construction and 
easy to operate even for unskilled technicians. 

12. The provision of new dyeing methods and dyeing 
apparatus which make possible the dyeing of union ma 
terials to give products having good uniformity of shade 
between the various fibers of the materials even when 
dyestuffs are employed which normally would give dif 
ferent depths of shade with the different fibers of which 
the union material is made. 

13. The provision of new dyeing methods which make 
possible the use of increased temperatures to increase the 
affinity of the dyestuff for the fabric and the usable con 
centration of dyestuff in the dye liquor. 

14. The provision of new dyeing operations and appa 
ratus for use in connection therewith which makes pos 
sible the exclusion of air from the time the dyestuff on 
the cloth is in reduced form until the dyestuff has been 
maintained at elevated temperature for a sufficient time 
to substantially complete the fixation of the dyestuffs. 

15. The provision of new apparatus for use in the 
dyeing of textiles which eliminates the use of pressure 
rolls or plates or similar mechanical squeezing or liquor 
expressing means. 

16. The provision of textile dyeing apparatus which 
makes it possible to match the shades obtained on labora 
tory size apparatus without guess work or need for em 
pirical adjustments when transferring to commercial or 
plant-size apparatus. 

17. The provision of such apparatus and methods 
which make it possible to change from one dyeing shade 
to another substantially instantaneously and without need 
to discard large quantities of valuable dyeing liquors and 
which also permit "cleaning-down” to be done very 
simply. 

18. The provision of such apparatus and methods 
capable of handling very large outputs of cloth at eco 
nomically high speeds, e.g., speeds of 100 to 120 yards 
per minute, in a continuous fashion giving products of 
good shade-matching, uniformity, penetration and level 
ness throughout. 

19. The provision of new methods and apparatus 
which enable dyeing with different classes of vat dyestuffs 
or of different Sulphur dyestuffs, to be carried out simul 
taneously under the same conditions of temperature and 
alkali concentration in contrast to generally known pro 
cedures which are highly sensitive to temperature condi 
tions and make it exceedingly difficult, if not impossible, 
to use certain vat dyes in conjunction with one another 
in a single dyeing. 

20. The provision of dyeing methods which are usable 
with vat dyestuffs dissolved in an appropriate amount of 
alkali and reducing agent as well as the usual pigment 
padding type of operation in which the textile material is 
impregnated with an aqueous suspension of undissolved 
vat colors and subsequently treated in a vessel with an 
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appropriate amount of alkali and reducing agent in order 
to solubilize the color in situ. 

21. To enable the employment of aqueous treating 
liquors maintained as a floating layer upon a bath of 
molten metal at a temperature not greatly in excess of 
the melting point of the metal of the bath without en 
countering solidification of the metal of the bath which 
defaces the fabric being treated. 

22. To enable high speed passage of textile materials 
through a molten metal bath the metal of which is solid 
at room temperature without encountering solidification 
of the metal of the bath. 

23. To enable aqueous liquors which are adversely 
affected by elevated temperatures to be satisfactorily 
enployed at these temperatures. 

24. To enable prolonged continuous operation to be 
performed employing aqueous liquors containing hydro 
sulphite without encountering the formation of sludge 
on the surface of the molten metal bath. 

25. To stabilize hydrosulphite containing aqueous 
liquors against the tendency of the hydrosulphite to de 
compose at elevated temperatures to form decomposi 
tion products which attack the metal of the molten, 
metal bath and form a sludge. 

26. To maintain the surface of the molten metal 
bath where the textile material enters the same free of 
air oxidation products without resort to the use of inert 
gases. 

27. To avoid the tendency of the textile material to 
pick up particles of molten metal and sludge as it 
emerges from the molten metal bath. 

Still further objects and the entire scope of applicability. 
of the present invention will become apparent from the 
detailed description given hereinafter; it should be un 
derstood, however, that the detailed description and 
specific examples, while indicating preferred embodiments 
of the invention, are given by way of illustration only, 
since various changes and modifications within the spirit 
and scope of the invention will become apparent to those 
skilled in the art from this detailed description. 

GENERAL DESCRIPTION 
These objects are accomplished according to the pres-. 

ent invention by the treatment of textile materials with 
aqueous liquors at elevated temperatures by floating a 
treating liquor on a bath of molten metal, passing the 
textile material downwardly through said floating liquor 
to impregnate the material with said liquor, then pass 
ing the textile material containing the treating liquor; 
downwardly through said molten metal, continuing the 
passage of said material through the molten, metal for. 
a substantial distance to give uniform penetration of the 
liquor into said material by the uniform pressure of the 
molten metal effecting a squeezing action thereon, with 
said molten metal being heated to a temperature above, 
about 60° C. and below a temperature at which any 
substantial ebullition of aqueous liquor from said cloth 
will take place, and finally passing said textile material 
out of said bath of molten metal with said textile mate 
rial still containing a substantial portion of aqueous 
liquor therein. The molten metal is selected so that: 
it does not chemically, react with the textile material 
or the aqueous liquor thereon. 

Preferably, the new method is employed for the dye 
ing of textile materials. In such cases, the dye liquor, 
or dye reducing liquor, as the case may be, is floated 
upon the surface of a bath of molten metal, so that 
when the material under treatment leaves the floating 

... layer and enters the molten metal bath, the material 
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with the liquor carried with it may be passed downward 
ly to a substantial depth in the bath of molten metal 
and be subjected therein to elevated temperatures with 
out any substantial evaporation of dyeing liquor from 
the textile material. Preferably, the molten metal, bath. 
consists of Wood's or a similar low melting alloy of 
lead and bismuth having a melting point below about, 
100° C. and said metal is preferably maintained in 
molten condition at a temperature between about 80 and 
100° C. Also, it is preferable to have the major-portion, 
of the path of the fabric through the molten metal verti 
cal, on nearly so. 

Further accomplishment of these objects is afforded 
by the provision of textile treating apparatus. which 
comprises a substantially. U-shaped chamber containing 
molten metal in the chamber having a-melting-point. 



5 
below 100° C. and preferably above about 60° C. Lower 
melting metals such as mercury may be used, but, as 
is well known, it is dangerous to work with mercury in 
heated condition because of the noxious vapors which 
are emitted. The U-shaped chamber is provided with 
means for heating the metal in the chamber and con 
tainer means are provided at the inlet of said chamber 
to receive aqueous treating liquors immiscible with said 
molten metal. The container is suitably shaped and 
positioned to permit the aqueous liquor supplied there 
to to be floated as a layer on the surface of said molten 
metal. Preferably, such apparatus includes means for 
continuously feeding a continuous web of textile mate 
rial into the inlet side of the chamber and means for 
withdrawing the continuous web from the outlet side 
of the chamber. In the more desirable forms of the 
apparatus, said aqueous liquor containing means con 
sists of an open bottom trough positioned at the inlet 
end of the chamber with the lower end of the trough 
extending slightly below the surface of said molten metal 
bath and with a conduit connected to the trough for 
introducing the aqueous liquor onto the surface of the 
molten metal to float thereon. . 

... While it is possible to successfully operate the new 
methods of this case as broadly described above, most 
satisfactory results are obtained when the liquor float 
ing upon the molten metal is maintained at a very small 
volume on the surface of the metal bath with additional 
quantities of aqueous dye liquor being supplied there 
to as it is absorbed by the textile material passing down 
wardly therethrough. Preferably, the floating liquor is 
employed in the form of an elongated vertical column 
with additional quantities of liquor being supplied to the 
column in substantially continuous fashion so as to main 
tain the height of the column uniform within a varia 
tion of 5%. 

Moreover, when dyeing with vat or sulphur dye liquors 
a reducing agent such as sodium hydrosulphite is added 
to the floating dye liquor, or where the dye is first padded 
unreduced, the reducing agent is a part of the aque 
ous liquor which floats on the molten metal bath. In 
either event, prolonged heating of the aqeuous dye 
liquor or aqueous dye reducing liquor leads to the forma 
tion of decomposition products which attack the molten. 
metal with formation of sludge, and this may adversely 
affect the dyeing results on the material. - 

Still further, if the freezing point of the molten metal 
is not much lower than the maximum permissible tem 
perature of the treating liquor, the temperature of the 
liquor must be maintained accurately and continuously 
in order to prevent solid particles of metal forming and 
interfering with uniform application of the liquor to the 
material. An aqueous liquor, for example, should not 
be above 100° C., while the freezing point of the molten 
metal may in some cases not be greatly below that tem 
perature. 

Accordingly, the layer of liquor floating on the molten 
metal bath is maintained at a very small volume by sub 
stantially continuously replenishing the floating liquor 
with fresh liquor which is heated from a temperature 
of about 25 to 30° C. to the temperature of the float 
ing liquor, e.g., 80 C., just prior to being introduced 
to the layer floating upon the molten metal bath. Such 
procedure enables the floating layer of liquor to be 
maintained without variations in temperature, volume 
and strength of a magnitude likely to adversely affect the 
treatment and the length of time during which a hy 
drosulphite containing liquor is maintained at elevated 
temperature is kept short so as to reduce decomposition 
and resulting formation of sludge to a minimum. Still 
further, the temperature of the liquor in the floating 
layer is prevented from falling undesirably low. 

Also if the textile material enters the layer of liquor 
floating on the molten metal in unheated condition, even 
if the floating liquor is itself heated, the textile mate 
rial may still enter the molten metal bath at a temper 
ature Sifficientlv low to solidify or "freeze' the metal 
of the bath. This may cause solid lumps or particles of 
the metal to be formed on the textile material at the 
interface between the metal and the dye liquor, and may 
interfere with the uniform application of the dye liquor 
to the material. This may also occur where the dye 
stuff is padded upon the textile material prior to entry 
of the padded material in the aqueous dye reducing liquor 
floating on the metal bath entry surface. 
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Accordingly, it is preferred to heat the textile mate 

rialso that the material may enter the molten metal bath 
at a temperature above the freezing point of the metal 
bath. - Naturally, the treating liquor floating on the sur 
face of the metal bath is taken into consideration, and 
hence, the temperature of the material prior to treat 
ment with the floating liquor should be such that the 
temperature of the combined textile material and treat 
ing liquor prior to entry to the metal bath is above the 
freezing point of the metal bath. . 

It is desirable, particularly when operating with vat 
dyestuffs in which the textile material is subjected to 
the action of liquors containing hydosulfites, which 
treating liquor floats on the surface of the molten metal 
bath, to incorporate in the treating liquor an anti-oxidant 
substance which retards the rate of formation of alkali 
sulfides from the hydrosulfite. Reducing sugars, such as 
glucose, are particularly advantageous for this purpose. 

Still further, it has been found that there is a tend 
ency for the textile material as it leaves the molten metal 
bath to pick up scum or particles of the molten metal. 
To prevent this, an aqueous liquor is floated on the sur 
face of the molten metal bath at the exit side where 
the textile material leaves the bath. The aqueous liquor 
which is floated on the exit surface of the molten metal 
bath is selected so that it is inert to the metal of the 
molten metal bath and is not deleterious to the dyeing 
liquor on the fabric. Additionally, the aqueous treat 
ing liquor floating at the exit may contain salts of other 
chemicals, which assist the fixation of the dyestuff or 
neutralize the previously applied dye liquor. In this 
regard, when dyeing direct dyestuffs, the exit liquor may 
contain common salt, Glauber, or weak acids such as 
formic or acetic acid. 

DETAILED DESCRIPTION 
A more complete understanding of the new procedures 

and apparatus comprehended by this invention may be 
had by reference to the accompanying drawings in which: 

Figure 1 is a diagrammatic side view of one form of 
the apparatus designed in accordance with the present 
invention. 

; Figure 2 is a vertical fragmentary transverse sectional 
view on an enlarged scale through the molten metal bath 
section of the apparatus of Figure 1. 

Figure 3 is a fragmentary elevational view of one of 
the sides of the bath section shown in Figure 2. 

Figure 4 is a cross-sectional view on the lines 4-4 of 
Figure 3. - 

Figure 5 is a perspective view of the means for main 
taining aqueous liquor above the surface of the molten 
metal bath at the inlet side thereof. 

Figure 6 is a sectional view on the line 4-4 of Figure 5. 
'Figure 7 is a sectional view diagrammatically illus 

trating a method in accordance with this invention 
wherein the material is shown as passing sinuously over 
a series of rolls immersed in a bath of molten metal. 

Figure 8 is a sectional view diagrammatically illustrat 
ing a method in accordance with this invention wherein 
the molten metal bath comprises troughs arranged in 
tandem with the liquid level above the path of the mate 
rial throughout, this view also showing filling blocks in 
stead of correspondingly shaping the interior of the mol 
ten bath, 

Figure 9 is a fragmentary elevation of open mesh wire 
gauze which may be used to line the sides of the molten 
metal bath in lieu of the narrow projections shown in 
Figures 3 and 4. 

Figure 10 is a sectional view on the line 10-10 of 
Figure 9 showing the wire gauze anchored to the wall 
of a molten bath as by welding. 

Figure 11 is a diagrammatic sectional side view of 
a modified form of apparatus in accordance with this 
invention showing the continuous treatment of a length 
of cloth with one form of a cloth heater, automatic 
means for heating aqueous dye liquor prior to auto 
matically introducing it upon the surface of the molten 
metal bath and the provision of an aqueous liquor float 
ing on the molten metal bath where the cloth emerges 
from the bath. 

Figure 12 is a sectional detailed view showing cloth 
passing through another form of cloth preheater. 

Figure 13 is a sectional detailed view showing cloth 
passing through yet another form of cloth heater for 
use in the apparatus of Figure 7. 
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Referring now to Figure.'.1, the cloth 1, is unwound 
from rolls. 2 and is passed: over rolls (3. directly. into the 
bath indicated as a whole at: 4 having a single-entry.pass 
at:4a and a single exit pass at 4b, around a bottom roll.5. 
The dyed cloth then passes away to roll 6. 

Dyeing liquor is arranged to float on the surface of 
the metal bath, as will be more fully explained herein. 
after in connection with Figures 2, 5 and 6. The level 
of the dye liquor is kept constant in the form of appa 
ratus for controlling a supply. of liquor from a main 
supply tank 8. 

Cloth being treated in the apparatus of Figure may 
take an alternative route as shown in dotted lines at 9 
by passing through a padding trough 10 in order to take 
up dyeing liquor after which the cloth passes - through. 
nip.rolls down into the molten metal bath 4 as pre 
viously, described. In this case, the level of the liquor 
in the trough 8 is maintained constant as by a float. 
value 8' which regulates the supply, of liquor from a 
main supply tank 12. 
The structure of the treating bath. 4 is shown in more 

detail in Figures 2 to 6. As shown in Figure 2, the bath 
4, comprises two vertical side plates 13 and 14 arranged 
closely together opposite each other, and mounted upon. 
a frame including base 5 and angular top members. 16. 
Acetra 

tical channes. This structure allows: the molten bath 
proper to be maintained at a minimum of volume thereby 
requiring a minimum amount of the relatively expensive 
bath metal and requiring a minimum of heating. 
The path of the cloth through the molten metal bath 

is indicated by 4a and 4b. Heat is communicated to 
the molten metal 18 at intervals throughout the whole 
of the bath by a series of steam pipes 18 located on each 
side of the cloth passageway throughout the entire length 
thereof. The molten metal intimately heats the cloth 
without chemically reacting therewith or with the dye 
liquor and furthermore: it does not absorb the dye liquor. 
At the same time, the success of the present invention is 
dues in part, to the unique discovery that, if the cloth is 
maintained impregnated or wet with aqueous treating liq 
uor, during passage through the molten metal bath, which 
is achieved by floating the impregnating liquor on the 
molten metal bath, then molten metal is not absorbed by 
E.loth nor will the cloth be marked by the metal of the 
at. 
It will also be evident that utilization of molten metal 

not only enables simple, accurate and efficient applica 
tion of heat, but, depending upon the depth, and specific 
gravity of the molten metal bath, the pressure applied to 
the cloth may be controlled without increase in the pres 
sure of the air surrounding the metal bath. In this way 
it is possible to impart to the cloth a uniform squeezing 
action of any desired pressure throughout: the entire sur 
face area of the cloth regardless of the irregularities in 
configuration or thickness of the cloth. 

It is preferred to pass the cloth being treated through 
the molten metal bath in a substantially vertical elon 
gated path. This is because it has been found that if the 
cloth is caused to move through the molten metal in a 
path other than substantially vertical, there is a strong 
tendency for the material to float upwards. This dis 
placement of the material relative to a vertical; route 
through the bath causes undesirable tension on the cloth 
and will produce marking of the cloth should the cloth. 
rub against the walls of the bath. As those skilled in the 
art will appreciate, the vertical passage of the goods need 
not be absolutely so and there is no inherent objection to 
moving the material in a path slightly away from the 
vertical or in moving the textile-like material around the 
underside of a roller, such as roller 5 of the apparatus of 
Figure 1 or 2 as in such cases any iotation effect mere 
ly tends to keep the material in contact with the roller. 
The top 9 of the bath 4 is of enlarged width and the 

surface of the molten metal bathis indicated at 20. With 
in this expanded region, there is located a dye box. 22 
provided with a downwardly extending, open-ended con 
duit 23 protruding into the molten metal bath. The dye 
box 22 may be integral with or removable from the bath 
vessel, and, as shown, is open at its upper end. The dye 
box 22 contains dye liquor 21. The-cloth 1 passes into 
the dye box 22 through the open upper end thereof and 
into the layer of aqueous liquor contained therein, which 
is exposed to the atmosphere, and through the aqueous 

partition 17 is provided between the side plates: 
13 and 4 dividing the apparatus into two separate ver 
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3. 
layer' to pass directly therefrom into the molten metal. 
bath, without exposure to the-atmosphere. 
As indicated in connection with Figure: 1; the dye-liq. 

uori is supplied to the dye box-22 by means of a control 
: tank 7 and a float valve-7, the control tank being con 

nected to the supply tank 8. Automatic means for main 
taining the level of the molten metal bath constant may 
be provided also, if i desired; but this is generally unneces-- 
sary, since it has been found that loss of molten metal 
from the bath may be made negligible. 
As can be seen from the drawings, the aqueous dye 

liquor or aqueous: dye reducing liquor floats upon the 
surface of the molten metal bath. It has been discovered 
that by operating in this fashion the: cloth contains a pre 
determined controllable quantity of aqueous liquor, upon 
entry into the heated 'metal bath. This, along with the 
squeezing action of the molten metal bath' controls the 
exact amount of treating liquor taken up by the cloth 
and at the same time air is excluded from the cloth from 
the time during the time the dyestuff: on the-cloth is in 
reduced form until fixation of the dyestuff has been sub 
stantially completed. 
The treating bath 4 and the other sections of the appa 

rats, such as: the dye liquor. box 22, are formed rela 
tively long in relation to their width so as to accommodate 
the entire width of cloth to be treated by the apparatus. 

Figures 3 and 4 illustrate specific constructions for the 
walls 13 and 14 and central partition 17 designed to pre 
vent binding of the cloth on the adjacent surfaces of the 
parts 13; 14 and ; 17. These: means consist of internal 
narrow projections on the surfaces i3; 14 and 17 spaced 
by recesses, the recesses: preferably being hydraulically 
interconnected. In this way, the molten metal may pass. 
at all times between the cloth and the surfaces of the 
sides 13 and 14 and the central partition.17 so as to ba-. 
ance the pressure on each side of the cloth. This may 
conveniently be effected by providing; elongated serra 
tions extending from top to bottom of the bath proper on 
the surfaces 13, 14 and 17, the serrations being inclined 
slightly off the vertical, for example at about 2/3 as in 
dicated in Figures 3 and 4. It has also been found de 
sirable that these serrations on opposite faces should be. 
inclined in opposite directions in order not. to deflect the 
cloth. For example, if the serrations on the inner sur 
face of 13 are inclined toward the right, then the serra 
ations on the opposite inner face of the partition 17 are 
inclined towards: the left. A similar arrangement is made 
upon the exit side of structure: 4. As an example of di 
mensions, the serrations may be about 4' between their. 
apices and with a depth of about /s'. 
The preferred form of the dye box 22 is shown in more 

detail in Figures 5 and 6. As can be seen, the dye liquor 
enters through inlet 24 and passes round to each longi 
tudinal side of the dye box 22: The dye liquor enters 
the interior of the dye; box through: a series of holes 25 
in each side of the box. The holes 25 increase in area 
from the near end to the remote endin order to equalize 
inflow along the length of the box. 

In addition to or instead of heating the molten metal 
by internal pipes such as 18; the metal may be led exter 
nally, through a heater and may also be filtered. 

In a modification and referring to Figure 7 of the draw 
ing; the bath 4:may comprise: a series of rolls 30 substan 
fially or wholly immersed in the bath of molten metal, 
the raaterial passing thereover sinuously through the bath, 
the:material travelling downwardly, laterally and upward. 
lyas shown by the arrows in the molten metal bath; the 
rolls may thus fill a large proportion of the bath volume. 
As aforesaid, the treating liquor floats on the surface of 
the bathi of molten metal, 

It has been found that when cloth; for example, is 
passed through a bath of liquid metal as described above: 

(a) A squeezing effect is obtained which depends on 
the specific gravity of the metal and the depth of the 
bath. The pressure is evenly distributed and does not 
deface the cloth. 

(b) The metal positively prevents the escape of any 
treating liquor previously applied to the cloth and ensures 
that the whole. of such liquor applied is in fact used 
for the process desired. 

(c) The cloth and any liquor contained in it attain the 
temperature of the metal almost immediately and it is 
therefore possible to control the optimum conditions for 
the reaction. 

(d) The exclusion of air during the process has the 
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effect of greatly accelerating and condensing the process 
if it is of a nature that is restrained by the presence of air. 

(e) With a layer of treating liquor lying on top of the 
metal bath through which the cloth passes before enter 
ing the metal, a feature is that with non-uniform cloth 
the amount of liquor applied is proportional to the 
amount of cloth at any part, which is the condition re 
quired to obtain the best results. 

(f) In the application of vat dyestuffs to wool the total 
amount of alkali available for producing damage of the 
fiber is restricted because of the low ratio of dye liquor 
to fabric; therefore a more universal use of vat dyestuffs 
for wool is permitted, and damage by the alkali is re 
stricted. 
As an example of the advantages quoted above, a heavy 

cotton fabric was pigment-padded with unreduced vat 
colors and passed through the usual reducing agents into 
a bath of mercury six inches deep at 110. Develop 
ment was complete in 30 seconds as compared to the 30 
minutes to 1 hour necessary when the process is done in 
a vessel under hitherto existing methods. 
Where a long immersion is required without the mate 

rial contacting air, the molten metal bath may comprise 
troughs arranged in tandem, as shown in Figure 8, with 
the liquid metal level above the path of the material 
throughout and the material traveling downwardly, lat 
erally and upwardly in the molten metal bath as indi 
cated by the arrows. 
The bath of molten metal required to apply the heat 

and pressure may be maintained at the minimum by 
inserting filling blocks 31 in the spaces in the bath not 
occupied by the material, instead of by correspondingly 
shaping the interior of the bath as described and shown 
above, suitable rolls 32 being provided over which the 
material passes from one trough to the next. 

For textile printing, the color will be applied to the 
cloth prior to entry to the bath, in any known manner, 
and the cloth is then passed through the bath in similar 
manner to that indicated above, with the application of 
dye developing liquor at the surface of the metal bath. 
Some examples of dyeing processes in accordance with 

the basic teachings of the invention as previously set 
forth will now be described. 

For instance, Caledon Blue R. N. S., the vat dyestuff 
Indanthrene, Color Index 1106, normally dyed at 60° C. 
gave excellent results when dyed in the liquid metal bath 
at 108 C. Similarly, Caledon Red B. N. S., the vat 
dyestuff 1,2... Anthraquinonenaphthacridone, Color Index 
1162, normally dyed at 20 to 25 C. also gave excellent 
results when dyed in the liquid metal bath at 108° C. 
Further, the amount of caustic soda required normally 
hitherto for Caledon Blue R. N. S. was about 6 gms. per 
liter and for Caledon Red B. N. S. about 2 gms. per liter. 
Both can now be dyed in the liquid metal bath aforesaid 
with the same quantities, and large variations in this 
quantity do not appreciably affect the results, no im 
portant difference being observed in either case within 
the range of 8 to 20 gms. per liter, the amount selected 
being independent of the nature of the dyestuff and sole 
ly dependent on the amount of reducing agent used. 
It thus becomes possible to mix vat dyestuffs of different 
classes in a common dyeing stage. 
The invention is applicable to both of the types of 

dyeing of vat dyestuffs mentioned previously, e.g., ap 
plication of the dye in reduced form or padding of the dye 
in unreduced form, followed by the application of a dye 
reducing liquor. However, the invention has the im 
portant advantage that when the dyestuff is applied in 
the reduced form, it is not essential that the whole of the 
color should be in solution when the fabric is impreg 
nated. 

Examples of the three abovementioned dyeings will 
now be described employing a low melting point alloy 
having a eutectic composition approximately as follows: 
tin. 13.3%; lead, 26.7%; bismuth, 50% and cadmium, 
10%. This metal alloy has been found to be especially 
suitable for use as the molten metal and this composition 
has a melting point of about 70° C. 

Example I 
iDry prepared fabric is passed into the liquid metal 

bath (temperature 108 C.) through an aqueous dye 
bath containing 100 gms. per liter Caledon Blue R. N. S., 
10 gms. per liter Calsoline oil (Imperial Chemical Indus 
tries Limited), a highly sulphonated oil in aqueous solu 
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10 
tion, 200 gms. per liter caustic soda, 10 gms. per liter 
sodium hydrosulphite, 4 gms. per liter Formosul C. The 
passage through the liquid metal bath occupies fifteen 
seconds and a satisfactory shade is obtained. Compared 
with the normal method, there is a large saving in dye 
stuffs and chemicals. 

Example II 
Dry prepared fabric is passed into the liquid metal 

bath (temperature 108 C.) through an aqueous dye 
bath containing 150 gms. per liter Caledon Red B. N. S., 
10 gms. per liter Calsoline oil (Imperial Chemical In 
dustries Limited), 20 gms. per liter caustic soda, 20 gms. 
per liter sodium hydrosulphite and 6 gms. per liter For 
mosul C, sodium sulphoxylate formaldehyde. A good 
dyeing is obtained in a passage occupying fifteen seconds. 

Example III 
Dry prepared fabric is passed into the liquid metal 

bath (temperature 108 C.) through an aqueous dyebath 
containing 50 gms. per liter Caledon Blue R. N. S., 50 
gms. per liter Caledon Red B. N. S., 10 gms. per liter 
Casoline oil (Imperial Chemical Industries Limited), 20 
gms. per liter caustic soda, 20 gms. per liter sodium 
hydrosulphite and 5 gms. per liter Formosul C. The 
passage, occupying fifteen seconds, produces the fast blue 
grey color which is to be expected in a combined shade 
of these two dyestuffs. 

After oxidizing and soaping, all these dyeings possess 
the high standard of fastness to washing normally associ 
ated with this type of dyestuff. 

Example IV 
In a further example of the invention utilizing the 

metal alloy specified above as the bath medium, the alloy 
is heated to the temperature 102° C., the flat sides of 
the vessel being lined with 10 mesh steel wire gauze 33, as shown in Figure 9. Referring to Figure 10, the gauze 
is shown as being anchored to the wall of the molten 
metal bath in any suitable manner, as by welding at 
spaced points 34. Cotton fabric to be developed in this 
machine is first "pigment padded' on an ordinary two 
roll padding machine with 60% squeezing, using an im 
pregnating liquor containing 150 gms. Caledon Blue 
R. N. S., 30 ccs. Calsoline oil, and 80 gms. British gum, 
a degradation product of starch, (1:1) per liter. The 
impregnated fabric, undried, is passed into the molten 
metal bath through a bottomless box arranged at the 
surface of the bath with the lower edge immersed in the 
molten metal. into this box is fed an aqueous develop 
ing liquor containing 45 gms. caustic soda, 60 gms. 
sodium hydrosulphite, and 10 ccs. Teepol X (Technical 
Products Limited), a detergent derived from mineral 
waxes, per liter, at a temperature of 60° C. 
The flow of developing liquor to the box is adjusted in 

accordance with the absorption by the fabric, and the 
amount of developing liquor in contact with the fabric 
can be comparatively small. The passage of the fabric 
and feeding of the developing liquor serve to lower the 
temperature of the surface of the molten alloy so that 
ebuilition of the aqueous developing liquor on contact is 
avoided. The passage of the impregnated fabric through 
the molten metal bath occupies 10 to 15 seconds, and the 
fabric when finally oxidized, washed, and soaped, is 
colored the full blue shade of excellent fastness normally 
associated with this dyestuff. 

Example V 
In a further example of the invention using the same 

apparatus described in the previous example for the appli 
cation of sulphur dyestuffs, dry scoured cotton fabric is 
passed into the molten metal bath at 102 C., through an 
aqueous dyebath containing 20 gms. Sulphol Khaki 2 G 
(200%), a sulphur dye, supplied by James Robinson & 
Co. Ltd., Huddersfield, England, 20 gms. caustic soda, 20 
gms. sodium hydrosulphite, and 10 ccs. Teepol Xper liter, 
supplied at 60° C. The cloth speed is adjusted to give an 
immersion time of 10 to 15 seconds in the molten metal 
bath. The dyed fabric is finally oxidized, washed and 
dried. 

In the treating of yarns in accordance with the present 
invention, it is not necessary to maintain each yarn sep 
arate from the other and a reasonable amount of bunch 
ing together of the yarns is permissible. Yarn dyeing may 
be performed during the passage of the yarn to the beam 
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from any convenient package and, if desired, in conjunc 
tion with sizing. In such a process the beam of yarn can 
be produced in a variety of colors by dividing the said 
bottomless dye box at the surface of the molten metal 
into sections. 

Figures 11 through 13 illustrate a further improved 
form of apparatus incorporating additional refinements 
which have been discovered to give even more satisfac 
tory dyeing of fabrics than the more basic and general 
form of apparatus illustrated in Figures 1 through 10. 

In the form of apparatus shown in Figure 11, cloth 1 
in continuous length passes in the direction of the arrows 
over steam cylinders 35, adapted to heat the heaviest 
cloth traveling at the highest speed to a temperature 
somewhat above 70° C. The apparatus may also be used 
for lighter cloth: at lower speeds and the heating of the 
cloth may be controlled by varying the pressure of the 
steam upon the heating cylinders although this is not 
critical since overheating of the cloth is not serious when 
temperatures corresponding to 15 p. s. i. steam pressure 
are employed. 

In Figure 12, an alternative arrangement for cloth 
heating consists of a casing 36 through which the cloth 
A passes and through which hot air is forced by a fan 37, 
the air temperature being such that the arrangement may 
be used for lighter cloth at lower speeds without concern 
for overheating. 

In Figure 13, a further alternative arrangement for 
cloth heating consists of pairs of opposed electrical ra 
diant heating units 38 spaced along the cloth length, the 
cloth passing between the units of each pair of radiant 
heating elements. Control of the cloth temperature is 
obtained by switching the radiant heating units on or off 
selectively. 
The heated cloth 1 for the purposes of dyeing passes 

over the guide rolls 39 and 40 and directly down into the 
molten bath vesse 41 through the single entrance pass 
41-A, around the bottom roll 42, out the single exit pass 
41-B and away over the guide roll 43. 
The dye box 44 comprises an open bottom metal box, 

extending into the moiten, metal bath below the top sur 
face 45 thereof and contains the dye liquor 46, which 
floats as a layer on the surface 45 of the molten metal. 
The layer of liquor 46 is maintained at a comparatively 

small volume and as it is absorbed by the cloth passing 
through the apparatus, it is substantially constantly and 
automatically replenished with fresh liquor heated to the 
temperature of the liquor 46 in order to maintain the 
condition of the liquor in said layer such that variations 
in temperature, volume and strength of a magnitude likely 
adversely to affect the treatment are avoided. 
The replenishing liquor is heated as it is supplied to 

said layer. In this way the treating liquor is heated and 
is very auickly thereafter absorbed by the textile ma 
terial. Thus, prolonged heating and formation of scum is 
avoided. Moreover, the temperature of the liquor is 
maintained substantially constant and is prevented from 
falling undesirably low. 

This control of aqueous liquor supply is accomplished 
through a liquor preheater arrangement comprising a 
supply tank 47, a small capacity heating tank 48 and 
connecting pipes 49.59 and 5. An electrically controlled 
feed valve 52 is positioned on conduit or pipe 49. Liquor 
admitted by the control valve 52 and also present in the 
lines 49, 50 and 5 is circulated through the apparatus 
by the pump 53. As the level of the liquor 46 in the dye 
box 44 drops, control valve 52, in a manner to be de 
scribed more fully hereinafter, is opened in order to 
allow entry of more liquor into the system to pass to the 
heating unit 48 and thence to the dye box 44. 
The liquor in the heating tank 43 is heafed by a coil of 

tubing 54 supplied with steam from a thermostatically 
controlled steam valve 55, the thermostat having control 
contacts 56 in the heat exchanger 48. As shown, the 
contacts 56 are positioned on the discharge side of the 
heating tank 48. 
The aqueous cloth treating liquor in the supply tank 47 

is maintained at a relatively low temperature of prefer 
ably 25 to 30° C. Through the action of the control 
valve 52 and the heating means 48, the liquor is only 
heated just prior to its passage into the dye box 44 up to 
a temperature of about 80 C. Thus, the liquor is at 
this elevated temperature for only a short period before 
it is absorbed by the cloth 1 passing therethrough. 
The liquor feed control valve. 52, mentioned above, 
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2 
is regulated by the level of the liquor 46 in the dyebox 
-44. This is accomplished as follows: 

The dye liquor layer 46 may be maintained at any de 
sired average depth, for example 12 inch, and with a 
cloth width of, for example, 50 inches, only a relatively 
small quantity of about 4 to 1 gallon of dye liquor is in 
use in the dye box 44 in contrast with the 30 to 60 gallons 
normally used such as in a dye jig. An adjustable metal 
rod 57 projects down into the dye box 44. The rod 57 
is connected through a relay 58 to an electric battery 59 
which in turn is connected to the dye box 44. The elec 
trical actuation or tripping of the relay 58 operates the 
liquor feed valve: 52 which is connected to the relay 58 
by leads 60. When the level of the liquor in the dye box 
44 rises and contacts the metal rod 57, the circuit 
operates to close the feed valve 52, the rod acting as an 
electrical conductor, and when the liquor drops down 
below the end of the retal rod 57, the feed wave, in 
turn, is opened. In this fashion a substantially constant 
level of liquor 46 is maintained in the dye box 44. 

It is found that the caustic solution of the dye liquor 
is liable to form froth on the liquor surface and as 
these froth bubbles act as conductors in the same man 
ner as the liquid to give a possible false indication of 
liquor level, a small quantity of turpentine or other 
suitable liquid, e. g., hydrocarbon, may be floated on 
the surface of the dye liquor 46. This eliminates froth 
ing and causes the relay 58 to be actuated only by the 
true liquor level. 
As the avoidance of any localized overheating of the 

liquor depends on the rate of the liquor flow, and since 
the liquor flow from the tank 48 may be required to 
cease temporarily, a conduit 6 is provided which con 
nects the dye box 44 with the conduit 50 through the 
electrically controlled valve 52 and the connecting pipe 
49. A circulation valve 62 in the conduit 6 is elec 
trically controlled by the relay 58 which operates to 
open the valve 62 when the valve 52 is closed and 
vice versa. In this manner, the liquor flow through 
the heater 48 is constantly maintained. 
As indicated in dotted lines at 63, the cloth 1 may, 

in addition to passing through the liquor. 46, pass through 
a trough 53 in order to take up aqueous treating liquor. 
In this case, the level of the liquor in the trough 53 
is maintained constant and is supplied from a main 
supply tank (not shown). The trough 53 may be lo 
cated to receive the cloth prior to the heating on the 
cylinders. 29, if desired. As an example of relative 
values in the operation of the process, with the metal 
bath at 90° to 95 C. and with a treating liquor 46 
floating thereon at about 80 to 85 C., the cloth 
should be preheated so that upon entering the treat 
ing liquor 46, the cloth temperature is such that the 
temperature of the combined cloth 1 and treating liquor 
46 is not less than 75 C. For example, a textile 
material 1, having a specific heat of 0.3, absorbs 130% 
by weight of treating liquor 46 having a specific heat 
of 1.0 at 80° C. and should enter the treating liquor at 
72° C. if the combined temperature is to be 78.5 C. 

It is desirable to maintain the temperature of the 
molten metal bath at no greater than 90 to 100 C., 
since at higher temperatures with the aqueous treat 
ing solutions, steam may be generated below the sur 
face of the molten metal and passed up through the 
metal bath and interfere with the even application of 
the dyeing liquor and cause streaky dyeing. Further 
more, it has been discovered that if the molten metal 
treating process is operated so that the cloth upon 
passage through the molten metal bath becomes sub 
stantially freed of treating liquor in the liquid phase, 
molten metal will be absorbed by the cloth and also 
any scum which may have a tendency to form upon 
the not ten reta bath will be occluded by the cloth 
as it emerges from the molten metal bath. When 
this transpires, unsatisfactory results are obtained. 
The cloth upon emerging from the molten metal 

bath, passes through a box. 54 which is open at both 
ends and which projects into the molten metal bath. 
The box 64 contains an aqueous liquor 65 which floats 
on the surface 45 of the molten metal. The aqueous 
liquor 65 is supplied to the box 64 by gravity from a 
tank 66 heated by the steam pipes 67 to which steam 
is introduced in controlled quantities through a valve 
68 regulated by a thermostat having its terminals 69 
projecting into tank 66. The solution in the box 64 
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is maintained at constant level by overflowing on to 
the surface 45 of the molten metal. As in the case 
..of the apparatus shown in Figure 2, the moltenmetal 
treating bath 4 of the apparatus of Figure 7, consists 
of two side members 13 and 14 and a vertical center 
;partition 7. Along the vertical sides and within re 
cesses, there are located heating elements such as the 
steam pipes 70 which in the form of apparatus of 
Figure 11 are fed through the pipe 71 which is con 
trolled by the valve 72 through the thermostat control 
73 which projects down into the molten metal bath 
below the surface 45. 
The following further illustrative examples of actual 

operations conducted in accordance with the procedures 
of the present invention are given in order to provide 
a further understanding of the details thereof. 

Example I 
This example illustrates the vat dyeing of cotton 

fabric. In addition, it illustrates also the vat dyeing 
of viscose and linen fabrics. 

Cotton fabric which has been dried after scouring 
and bleaching is passed from a bulk roll thereof on to 
heating cylinders where the fabric leaves a space of 
about 7 feet from the last heating cylinder into a dye 
bath 8 inches deep which floats on the surface of melten 
metal alloy contained in a U-shaped vessel with legs 
5 feet-deep. The fabric on entering the dye; liquor has 
a temperature of 75° C. The metal alloy contained in 
the U-shaped vessel has a eutectic composition of ap 
proximately 13.3% tin, 26.7% lead, 50% bismuth, and 
18 cadmium and possesses a melting point of about 
70°C. 
The dye liquor indicated as floating-on the molten 

(metal surface, is made up and stored at rogn term 
perature (20°C.) and is pumped to the dye bath on the 
surface of the molten metal through a dye-preheater 
which heats the dye liqugr to 75 C, within a few 
minutes of its absorption by the cotton fabric. 
The dye liquor employed has the following cong 

position: 150gms./I. of the vat dyestuff 3,4'-dichloro-1, 
2-anthraquinone acridone (Color Index 1161) as sold 
commercially by I. C. I. Ltd. as "Caledon red yiolet 
2. R. N. S." 2 gms./. "Calsoline oil' supplied by I. C. I. 
Ltd. 

20 gms./. sodium hydroxide 
30 gms./l. sodium hyrosulphite 
15 gms./l. glucose 

The molten metal is maintained in the treating bath at a temperature of 95 C. by automatically gonrolled 
heaters. Likewise the supply of the dye liquor to the 
Surface of the metal and the temperature thereof are 
automatically controlled. 
The fabric is passed atta speeds of 80 yards perminute 

giving an immersion time for the 8-inches of dye bath 
of 0.17 second and for the 10 feot passage through 
the molten metal of 2.5 secends. The preheated fabrie 
on passage through the dye bath absorbs dye liquor. 
Then upon entering the molten metal it has excess dye 
liquor squeezed uniformly; out of its while at the same 
time the impregnated fabric - is heated to an elevated 
temperature in the absence of air. 
The fabric emerges from the melten metal into a 

10 percent aqueous solution of Glauberisisalt which floats 
on the surface of the molten metal at the exit side of 
the U-shaped vessel. The fabric emerging from the 
Glauber's salt bath is rinsed, oxidized and soaped in 
known manner using the conventional open width soap ing range. 
The resultant cotton fabric is colored a uniform red 

dish violet shade of excellent fastness. 
Operating in-similar fashion, viscose and linen fabrics 

are dyed to give products of reddish violet shade of 
excellent uniformity throughout the entire surface there 
of and of good light fastness. 

Example VII 
This example illustrates the vat dyeing of cotton-viscose 

union fabric. 
Cotton-viscose fabric which has been scoured, bleached 

and dried is dyed using a process as described in Ex 
ample VI, but with the following-dye liquor: 
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50 gms/l. of the vat dyestiff, triehloro-N-dihydro- 85 

1,2,2-anthraquingaeazine (Color Index 1114) as 
supplied by I. C. I. Ldt, as "Caledon Blue R. C. S." 

2 gms/l. of a Sulphated fatty acid ester wetting and dis 
pring agent such as Alcopol Tsold by Allied Colloids 

66 gms./I. sodium hydroxide 
10 grins./l. sodium hydrosulphite 
5 gms./I. glucose 
The fabric speed is 60 yards per minute giving an 

impersion of 0.22 second in the dye bath and 33 seconds 
in the molten metal bath. The resulting union fabric, 
after oxidization and soaping, is colored a medium blue 
and has excellent fastness. 

Example VIII 
This example illustrates the vat dyeing of linen fabric 

using a Sogalled pigment padding technique. 
Linen fabric which has been scoured and bleached 

is impregnated using a suspension of vat dyestuff in a 
two bowls padding mangle in known manner. The dye 
Suspension contains: 
300gms./. of the vat dyestuff dimethoxydibenzanthrone 

(Color. Index 1101) as supplied by I.C. I. Ltd. as 
'Caledon Jade. Green X. N. S.” 

10 gms./1. "Calsoline oil” 
The impregnated fabric is squeezed to leave 70 per 

cent of liquor in the fabric and is dried in a hot air drying 
machine. 
The dyestuff in the fabric is fixed thereon by passing 

through the molten metal machine in the manner de 
scribed in Example I, but instead of the dye liquor of 
Example VI, a developing liquor of the following com 
position is introduced upon the surface of the molten 
retal bath and the impregnated fabric passed there 
th-Eough: 
20 gms./l. sodium hydroxide 
30 gens./l. sodium hydrosulphite 
2gms./I of a sulphonated fatty acid ester wetting agent 
15 gms./l. glucose. 
The fabric is passed: through the machine at 60 yards 

per minute. The resulting fabric after further oxidation 
and soaping is colored a fast full green shade which is 
uniform in depth and appearance throughout the entire 
length of the fabric. 

Example IX 
This example illustrates the dyeing of cotton fabrics 

with sulphurdyes. It also illustrates the dyeing of viscose 
and linen fabrics with the same type of dye. 

Cotton fabric. of the pile type having a design woven 
into the pile, such as fabric used for drapery material, 
which has been scoured, bleached and dried, is treated 
'according to the method described in Example VI, with 
the exception that the following. dye liquor is employed: 
40 gms./. of sulphur-dyestuff of the trade name “Thional 
Navy Blue R. M. S." sold by I. C. I. Ltd. which is 
a sulphur dyestuff of the Immedial Direct Blue RL type, 
the production of which is described in the B.I. O.S. 
Final Report No. 983, Manufacture of Thioindigo and 
Sulphur Dyestuffs, page 85 (P. B. No. 79,226) 

tl3 igns;/l. sodium hydroxide 
20 igns./l. Sodium hydrosulphite 
2 gras./.l. of sulphonated oil-wetting agent 
to igns:/l, glucose 

The scotton fabric is fed through the apparatus at a 
Speed of 50 yards per minute and after oxidation and 
rinsing of the fabric, a product having a deep navy blue 
shade is obtained. 
in similar fashion dry, scoured, and bleached viscose 

and linen fabrics are dyed with comparable results. 
Example X 

This example illustrates the dyeing of cotton fabric 
with direct cotton dyes. It also illustrates the dyeing 
of viscose and linen fabrics with the same type of dye. 

Cotton pile toweling which has been dried after scour 
ing and bleaching, is treated in the apparatus as, de 
scribed in Example VI. The fabric is not preheated 
before passing into the dye bath and the dye liquor is 
-made up and stored at 80° C. Before introduction 
on to the surface of the molten metal bath, the dye 
liquor is preheated to a temperature of 100. C. The 
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molten metal bath is maintained at a temperature of 
103° C. 
The dye liquor used has the following composition: 

5 gms./. of direct cotton azo dye, "Chlorantine Fast 
Blue 4 GL' such as sold by Clayton Aniline Com 
pany of Manchester, England. This dye has the fol 
lowing formula: 

5 

6 
Example XIV 

This example illustrates the dyeing of wool fabric 
with acid dyes. It also illustrates the dyeing of wool 
union and natural silk fabrics with acid dyes. 
Wool suiting material is preheated to a temperature 

of 95 C. by passage through a hot air drying machine 

OE 

or NN. ---. NH-O O3Na O3Na 
SO3Ns, 

2 gms./I. of sulphated secondary fatty alcohol 
10 gms./l. Glauber's salt. 
The fabric is passed through the apparatus at a speed 

of 40 yards perminute. Upon emerging from the salt 
bath at the exit end of the apparatus, the cloth is rinsed 
to yield a product having a uniform medium blue color. 

Operating in similar fashion, viscose and linen fabrics 
are dyed in identical fashion to give comparable results. 

Example XI 
This example illustrates the dyeing of spun viscose 

fabric with direct dyes. It also illustrates the dyeing 
of cuprammonium rayon fabrics with such dyes. 
Dry scoured viscose fabric is dyed using the procedure 

described in Example X, but with a dye liquor of the 
following composition: 
10 gms./I. of direct cotton dyestuff, the sodium salt of 
p-sulphobenzene-azo benzene - azo - 6 -benzoyl 
amino-1-naphthol-3-sulphonic-acid (Color Index 278) 
sold by I. C. I. Ltd. as "Chlorazo Fast Red K' 2 gms./. of sulphated secondary fatty alcohol wetting 
agent 

10 gms./l. sodium chloride 
The fabric after rinsing following the dyeing treatment 

is uniformly red throughout. 
In another case, cuprammonium rayon fabric is dyed 

by the same procedure and with comparable results. 
Example XII 

This example illustrates the dyeing of wool fabric with 
vat dyes. It also illustrates the dyeing of wool-union 
fabric and natural silk fabric with vat dyes. 

Heavy wool napped fabric which has been Scoured 
and dried is preheated to 85. C. by passage through a 
radiant heat unit after which it is passed through a dye 
bath floating upon a molten metal bath such as de 
scribed in Example VI. A dye liquor having the foll 
lowing composition is used: 
30, Es/l. of “Caledon Red B. N. S.' sold by I. C. I. 

td. 
5 gms./. of sulphonated oil wetting agent 
4 gms./l. sodium hydroxide 
6 gms./I. sodium hydrosulphite 
5 gms. Al. glucose. 
The fabric is passed through the machine at a rate 

of 40 yards per minute and after developing, oxidizing 
and soaping of the fabric, a cloth dyed a fast red color 
is obtained. No apparent damage to the wool fabric 
due to contact with hot strong alkali can be observed. 

In similar fashion, natural silk fabric is dyed a fast 
red color. 

Example XIII 
The procedure of Example XII is repeated using dye 

liquor of the following composition: 
100 gms./.l. of the vat dye dimethoxy-dibenzanthrone 

(Color Index 1101) such as sold by I. C. I. Ltd. as 
"Caledon Jade Green R. N. S.' 

5 gms./I. Sulphonated oil wetting agent 
5 gms./. sodium hydroxide 
50 gms.A. sodium silicate 
20 gms./. sodium hydrosulphite 
10 gms./. glucose 

Fabric speed with both the wool fabric and natural 
silk fabric is 40 yards per minute and in each case 
the fabric is dyed a uniform green color. 
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and then passed into the dye apparatus as described in 
Example VI. 

In the apparatus a dye liquor having the following 
composition is employed: 
5 gms./I. of wool dyestuff, the sodium salt of p-sulpho 

benzene-azo-beta-naphtho (Color Index 151) such as 
"Orange II” supplied by L. B. Holliday & Company 

10 gms./. of sulphated secondary fatty alcohol wetting 
agent 
The dye liquor is made up and stored at 100 C. 

and supplied to the surface of the molten metal bath 
at a temperature of 100° C. while the molten metal 
bath is maintained at a temperature of 98 C. The 
fabric is passed through the apparatus at a speed of 20 
yards per minute giving an immersion time of 0.66 sec 
ond in the dye bath and 10 seconds for passage through 
the molten metal bath. At the exit end, an aqueous 
bath consisting of a 1% aqueous solution of acetic acid 
maintained at 95 C. is floated on the molten metal bath. 

Following exit from the acetic acid bath, the fabric 
is rinsed in hot water continuously in known manner 
and then dried. Cloth uniformly dyed an orange color 
is obtained. 
The same operation is repeated using wool-union 

fabric and natural silk fabric with comparable results 
in color, shade and uniform coverage. 

Example XV 
Example XIV is repeated substituting the following 

dye liquor: 
5 gms./I. of acid dye, the sodium salt of 4-p-sulphoben 

Zene - azo - 1 - o - m - dichloro - p - sulphophenyi - 3 - 
methyl-5-hydroxy pyrazol (Color Index 639) such as 
"Xylene Light Yellow 2G' supplied by Sandoz Chem 
ical Company. 

10 gms./I. of sulphated secondary fatty alcohol wet 
ting agent S. 

10 gms./l. formic acid (80%) 
The fabrics, following hot water washing and dry 

ing, possess a uniform yellow color. 
Example XVI 

This examples illustrates the dyeing of wool fabrics, 
wool-union fabrics and natural silk fabric with soluble 
acetate dyes. 
The process described in Example XIV is repeated 

using the following dye liquor: 
5 gms./I. of soluble acetate dye such as Solacet fast 

orange, 2 G. K. S. as sold by I. C. I. Ltd. which is a 
water-soluble disazo dye 

10 gms./I. of sulphated fatty alcohol wetting agent 
10 gms./l. boric acid 
An orange colored fabric of uniform shade is ob tained following hot water rinsing and drying, upon 

exit from the treating apparatus. 
Example XVII 

This example illustrates the dyeing of cotton, viscose 
and linen fabrics with basic dyes. 

Cotton duck material is mordanted in known man 
ner with tannic acid. After drying of the fabric, it is 
heated to 75 C. by passing over steam heated cylin 
ders and is then passed into apparatus such as described 
in Example VI through dye liquor floating on the sur 
face of the molten metal bath maintained at a tem 
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perature of 95°C. The dye liquor possesses the fol 
lowing coraposition: 
5 gms./l. of the basic dye, tetramethyl-diamino-di 

phenazthionium chloride (Color Index 922) such as 
“Methylene Blue 2B” supplied by I. C. I. Ltd. 

10 cc. per liter methylated spirits 
The dye liquor is made up by pasting the dry dye 

stuff with the methylated spirit and is then diluted to 
required volume with cold water. The dye liquor is 
stored cold and just prior to floating upon the surface 
of the molten metal bath, it is heated to 75 C. by passing through a preheater. 
The fabric is passed through the dyeing apparatus 

at 30 yards per minute and leaves the molten metal bath 
through a water bath of 95° C. floating on the exit 
side of the molten metal. The fabric after drying 
has a uniform blue color. - 
The identical procedure is followed with viscose and 

linen fabrics with comparable results. 
Example XVIII 

The example illustrates the dyeing of cellulose ace 
tate rayon and polyester ("Terylene') fabrics with dis 
persed acetate dyes. 

Dry, scoured cellulose acetate rayon fabric is passed 
from a bulk roll through a hot air dryer where it is 
heated to a temperature of 75' C. and from there into 
a dye bath floating on the surface of a molten metal 
bath in apparatus such as described in Example VI. The 
dye liquor through which the cloth passes possesses 
the following composition: 
10 gms./l. of acetate dye "EDuranol Red X3 B 300' 
powder as sold by I. C. I. Ltd. which is an amino 
anthraquinone derivative 

5 gms./l.soap flakes 
The dye liquor is made up arid stored at 75 C. and 

is pumped to the dye bath container on to the sur 
face of the molten metal at this temperature. The 
fabric is passed through the dye and through the molten 
metal which is maintained at a temperature of 99 C. 
at the rate of 30 yards per minute. It leaves the molten 
metal through a bath of hot water floating upon the 
exit surface of the metal. 

After rinsing of the fabric upon exit from the hot 
water bath (95 C.), the fabric is found to possess 
uniform shade and to be dyed a bright red. 

Example XIX 
In this example, nylon is dyed with dispersed ace 

tate. dyes. Nylon fabric is scoured and then dried fol lowing which it is processed by the procedure described 
in Example XVIII using the following dye liquor: 
i0 gms./l. of dispersed acetate dye "Duranol Brilliant 
Yellow.6 G 300" powder such as sold by I. C. I. Ltd. which is an aminoanthraquinone derivative 

5 gms./l. Soap 
The fabric is passed through the dye apparatus at a 

Speed of 30 yards per minute and upon being washed 
and rinsed, following the dyeing operation, possesses a 
good yellow shade. 

Example XX 
This is an example of the use of the present invention for dyeing of nylon with acid dyes. 
Pry, scoured nylon fabric is dyed according to the 

method described in Example XVIII using the following dye liquor: 
10 gms./1. of the acid dye, the sodium salt of benzene 

aZo-beta-naphthol-6,8-disulphonic acid (Color Index 
252) such as "Croceine Scarlet 3 B' sold by I. C. I. Ltd. 10 gms./1. formic acid (80%) 

1 gm./1. Sulphated fatty secondary alcohol wetting agent 
The dye liqugr is made tip and stored at 95° C. and 

is pumped to the dye liquor chariber at the surface of 
the molten metal bath at this temperature. The nylon 
fabric is passed through the apparatus at the speed of 20 
yards per minute giving an immersion time of 0.66 second 
in the dye liquor and 10 seconds in the molten metal. Upon emerging from the apparatus, the nylon fabric is 
rinsed and dried. A material which is uniformly colored 
Scarlet-throughout the entire length thereof is obtained, 
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Example XXI 

This example illustrates the dyeing of both nylon and 
orlon fabrics by vat dyes. . 

Nylon fabric which has been scoured and then dried 
is processed continuously by the procedure described in 
Example I using, however, the following dye liquor: 
30 gms./1 of thioindigoid vat dyestuff such as Durindone 
Pink F. F. S. as sold by I.C. I. Ltd. which is 6,6'- dichloro-4,4'-dimethylthioindigo. 

2 gms./1. Sulphonated oil wetting agent 
15 gms./1 sodium hydroxide 
15 gms./1 sodium hydrosulphite 
15 gms./1 glucose 
The cloth is processed at a rate of 20 yards per minute 

and following the usual oxidation, soaping and rinsing 
steps, nylon fabric having the expected pink color is 
obtained. 

in another case orlon fabric is processed in an iden 
tical way with comparable results. 

Modifications 
The type of metal used in the essential metal bath is 

important to the success of the present invention. There 
are a number of usable metals but those most desirable 
have a melting point between 60 and 100° C. and es 
pecially between 60 and 80° C. The most satisfactory 
metals of this type for the purpose are lead and bismuth 
containing eutectic alloys such as Wood's alloy, Rose's 
alloy and the like: A particularly desirable specific alloy 
is described in the examples. 
Many types of aqueous liquors may be used in carry 

ing out the new processes. Although better results are 
obtained with some formulations of the liquors than with 
others, wide variations in the concentrations, types and 
combinations of ingredients present in the treating mix 
tures may be used. Obviously, the aqueous liquors 
should not include ingredients which are reactive, in 
the concentrations used, with the metals contained in 
the bath, for example, heavy metals such as lead, bis 
muth, tin, cadmium or the like. - 

Dyestuff solutions or suspensions comprise the aque 
ous liquors, however, most useful in the new operations. 
The usable dyestuffs include all those known to be use 
ful in dyeing organic filaments. This includes vat, sul 
phur, direct, acid, and all other general types of dyes. 
As a matter of fact, one of the primary advantages of 
the present invention is its ability to be used with so 
many different classes of dyestuffs, with equally fine re 
sults. As those skilled in the art know, vat dyestuffs are 
generally grouped into three separate classes depending 
upon the particular temperature range that has been re 
quired to be used in the past with the dyestuffs in dyeing. 
Such groupings are substantially nullified, however, by 
the present invention because virtually all vat dyes may 
be successfully used in the new operations at one and 
the same temperature range, e. g., 90 to 100° C. 
Numerous specific dyes are mentioned in the fore 

going examples and there is no need to list more here 
because of the extreme variety which may be employed. 
When dyeing liquors are employed, they may include 

supplemental ingredients as is well known in the art. 
These include wetting agents, emulsifying agents, dis 
persing agents, inorganic and organic salts and acids, 
soaps, syndets, gums, colloids, corrosion inhibitors, or 
ganic solvents, developing agents and the like. Specific 
Substances are given in the foregoing examples and since 
there are so many more which can be used and will be 
apparent to those skilled in the art, a further detailed 
list here is unnecessary. - - - 

Other reagents which may be included in the aqueous 
treating liquors, either alone or in mixture with them 
selves or any of the above, include moth-proofing agents, 
crease-proofing agents, scouring agents, sizes, water 
repellant producing agents and the like. These are all 
well known in the art and they are all generally applicable 
to the new operations. 

Concentrations and ratios of the reagents in the aque 
ous liquor and not critical. Those amounts generally 
employed with prior known procedures or comparable 
amounts as required by the particular textile material 
being treated may be used. The foregoing examples 
illustrate this feature of the invention sufficiently to en 
able anyone skilled in the art to adapt the new operations 
to any special case, - 
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The depth or other dimensions of the aqueous treating 
liquor bath are not critical and may be varied. Since all 
or a section of the aqueous liquor is floated upon the 
surface of the molten metal bath, a certain practical limit 
is imposed upon the aqueous bath depth due to the hy 
drostatic head which may be supported, but this always 
has been found sufficient in actual operation. Usable 
depths of aqueous liquor floating above the molten metal 
bath may be from about 1 inch to about five feet, al 
though shorter or much longer depths may be used. 
The width and length of the aqueous baths will be varied 
to accommodate the size of the textile material under 
treatment. It is desirable to make the aqueous bath, 
however, as small as possible, so that a minimum of 
treating liquor will be required. In this regard, a depth 
of 8 to 12 inches, a width of one inch and a length just 
slightly longer than the width of the fabric to be treated 
are preferred dimensions. This allows for saving in ma 
terial, control in uniformity of temperature and strength 
as the operations progress, and permits faster change 
over. 

In those operations where an aqueous treating liquor 
containing a hydrosulphite is used, the liquors preferably 
include an anti-oxidant. This helps to inhibit formation 
of sludge on the surface of the metal bath. Reducing 
sugars, e. g., glucose, are preferred, but other suitable 
sts include aldehydes, e.g., benzaldehyde, and tannic 
3CO 
The function of the antioxidant is to inhibit the tend 

ency of the hydrosulphite to decompose to form prod 
ucts which attack the metal of the bath. Very small 
amounts of sutiable antioxidant will accomplish this 
purpose and the minimum quantity necessary can be 
determined by simple observation. Since the deleterious 
decomposition is a function of many factors, e.g., pro 
portion of hydrosulphite, temperature of operation and 
the time during which the hydrosulphite is maintained 
at the elevated temperature, no precise minimum propor 
tion of antioxidant can be presented. Since suitable 
antioxidants are quite mild, they do not interfere with 
the solubilization of any ordinary vat or sulphur dyestuff 
even when the antioxidant is employed in quantities as 
large as the quantity of hydrosulphite employed. Such 
large quantities are far more than required for any con 
ceivable dyeing or dye reducing operation. 

Temperature of the aqueous bath during treatment 
of the textile material is important. When the aqueous 
liquor is floating upon the metal bath, it should be 
above the melting point of the metal and below its own 
boiling point, and preferably, between 80 and 100 C. 
Where a temperature sensitive liquor is employed, such 
as is the case of various dye liquors which deteriorate 
upon standing at elevated temperatures, the liquor is 
best heated just prior to being floated upon the metal 
bath. Thus, the liquor may be stored at room tem 
perature (about 20° C.) and then heated in suitable fash 
Gh the way to the bath container to about 80 to 

o 

The temperature of the molten metal bath is also im 
portant. Obviously, it must be above the metal melting 
point. Also, it should be below the temperature at 
which ebullition of the aqueous liquor takes place as 
the cloth passes therethrough. This may be as high 
as about 103 to 105 C., or higher, due to the high 
pressures in the metal bath and the cooling effect of 
the aqueous liquor and the cloth upon the upper region 
of the molten metal bath at the entrance end. Prefer 
ably, the temperature of the metal bath is about 80 to 
about 100° C. 
The process is operated in best fashion when an aqueous 

liquor also floats upon the exit surface of the metal 
bath. It has been found that the presence of an aqueous 
layer where the textile material emerges from the molten 
metal bath greatly reduces the tendency of the textile 
material to pick up particles of the molten metal. This 
has been discovered to greatly improve the results appar 
ently due to several reasons. First, it insures that the 
cloth as it leaves the metal bath will remain wet with 
aqueous liquor. This appears to keep metal from the 
bath from being picked up and carried along with the 
cloth and to prevent streaks, blotches or the like, from 
forming on the cloth. Also, the exit floating liquor re 
duces scum formation on the metal bath, and accordingly, 
the textile material does not leave the molten metal bath 
with particles of scum clinging thereto. 
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The nature and composition of the exit floating bath 

is not critical. Generally, it is a salt solution, e. g., 
Glauber's salt, sodium chloride, etc., but it may be any 
other desired aqueous liquor of a character adapted to 
assist or complete the treatment being carried out in 
the transit through the metal bath, or of a character cal 
culated to assist any subsequent treatment. Clearly, the 
exit liquor could also be neutral, for example, plain water. 
The same comments regarding reagent concentrations, 
ratios, temperature and the like made relative to the 
inlet floating aqueous bath apply to the exit bath. 

It has been discovered that when dyeing with wat 
or sulphur dyestuffs, the exit liquor quickly becomes 
contaminated with caustic soda and hydrosulphite. The 
tendency of this alkaline exit liquor is to strip some 
of the dye already applied to the material, thereby giv 
ing a streaky effect. To overcome this particular defect, 
the exit liquor may consist of a strong solution of com 
mon salt or Glauber salt, fresh solution being added as 
necessary to maintain the exit liquor in a condition so 
that it does not substantially affect the previously applied 
dyestuff. 

Further, when dyeing with vat or sulphur dyestuffs, 
the exit liquor should not be made acidic since under 
acid conditions, hydrosulphite decomposition products 
attack the metal to form a sludge. The formation of 
sludge where the textile material emerges from the molten 
metal bath causes adherence of sludge and metal 
to the textile material and thereby causes faulty treat 
ment, for example, patchy dyeing, and loss of metal. 
The floating liquor at the exit side should be maintained 

at a temperature in excess of the melting point of the 
metal. The depth of the liquor is not a critical factor 
and 12 inches has been found to be satisfactory. Squeez 
ing rollers may be used to limit the amount of liquor 
carried away from the floating layer at the exit side by 
the textile material. 

Another feature of the new processes which has been 
found to provide for very excellent results, is the preheat 
ing of the cloth prior to contact with the floating inlet 
liquor. This has been discovered to provide, for example, 
excellent uniformity of coloration in dyeing with the 
new processes. 
The exact temperature at which the cloth is pre 

heated before being passed into the aqueous liquor bath 
is not critical. The upper limit is generally determined 
by the cloth itself and the temperature at which it may 
be safely heated without deterioration. For ordinary 
purposes, 120° C. can be regarded as a practical upper 
limit. In the preferred embodiments, the cloth is heat 
ed to between 80 and 100° C. The desired condition is 
to have the cloth preheated to such a temperature that 
upon entry into the aqueous treating liquor its tempera 
ture is such that the combination of specific heats of the 
cinth and of the aqueous treating liquor and any thermal 
effect arising from their mixing, will cause the cloth and 
the aqueous liquor with which it is impregnated to 
have a temperature not less than about 75 C. A specific 
example of temperature values and specific heats has 
been given in the previous discussion. 
As has been indicated before, it has been discovered 

that the presence of substantial amounts of moisture in 
the textile material is essential during passage through 
the molten metal bath if the cloth is to emerge properly 
treated. Of course, the percentage of aqueous treating 
liquor present in the cloth during passage through the 
molten metal may be varied and will depend to a cer 
tain extent upon the particular treating solution and upon 
the nature of the textile material. However, as a gen 
eral rule and in those cases where the metal temperature 
is 100° C. or below, at least about 80 percent by weight 
of moisture is necessary in the textile material for satis 
factory results. In those cases where the metal tempera 
ture may be maintained at over 100 C., less moisture can 
be tolerated as a minimum owing to the ebullition that 
takes place as the textile material passes through the 
upper region of the molten metal bath or the exit thereof 
and the consequent resistance to metal absorption. Satis 
factory results have been obtained with 60% of moisture 
by weight under these conditions. However, when oper 
ating at temperatures above 100 C., care must be taken 
to insure that there is insufficient ebullition of moisture 
vapor as to result in the cloth leaving the molten metal 
bath without any or with only a very low quantity of 
moisture therein, e. g., about 40% or less. The upper 
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limit of moisture content is not critical and in practice 
is primarily governed by the squeezing action of the 
molten metal bath. It may be as high as 200%, with 
certain textile materials. - 
One of the very important features of the present in 

vention is the very high rate of dye transferred which 
enables textile material to be processed at very high rates 
of speed. The exact speed that the textile material is 
passed through the treating liquor and metal baths will 
depend both upon the nature of the textile material, as 
well as the composition and nature of the aqueous: treat 
ing liquor. In the case of dyeing operations, the speed 
will vary slightly with different dyes and also with dif 
ferent depths of desired shade, although in all cases the 
difference in speed will only amount to a few seconds. 
There is actually no critical lower limit on speed of textile 
passage and it could be actually only a fraction of a foot 
a minute. However, -in commercial operations, it is de 
sirable to run as rapidly as possible, and it has been 
found that with these new procedures, a maximum speed 
of 120 yards per minute or over can be obtained. Actual 
ly this upper limit has been found to be fixed by me 
chanical aspects of the process, and perfectly satisfac 
Eyeings have been obtained even at these maximum 

speeds. 
Such speeds show how rapidly dye transfer and fixa 

tion are completed by these new procedures. As an 
example, if the passage through the molten metal is 10 
feet and through the dye bath is 8 inches, a speed of 30 
yards per minute gives an immersion of 0.44 second in 
the dye bath and 6.6 seconds in the molten metal. At 120 
yards per minute, the cloth remains 0.11 second in the 
dye bath and 1.67 seconds in the metal. These short 
times, however, are sufficient for the dyeing to be com 
pleted and this, of course, constitutes one of the unusual 
and unpredictable aspects of the new procedures. In 
actual practice, variation of cloth speed has been found 
to have little or no effect en either the depth of shade 
or quality of dyeing, providing the time is sufficient with 
in the baths to give the required fixation. If cloth is 
run at 100 yards per minute with complete fixation, slow 
ing down to 30 yards per minute or varying the speed 
as often as desired, has substantially no effect on the 
shade. Those skilled in the art will, therefore, recog 
nize the commercial importance of this, since it en 
ables substantially unskilled workers to operate the 
equipment and still obtain satisfactory results. . 
As will be realized, if depth of shade or the like 

is desired to be varied, this will be accomplished by 
changing the composition of the dye bath or aqueous 
treating liquor. 
As mentioned before, one big problem which has 

always confronted the dyeing industry has been the 
ability to transfer tests or experimental runs from the 
small scale over to a commercial scale. This problem . 
does not exist with these new procedures and this con 
stitites a trernendous advantage therefor. Thus, by 
using a small scale model of the new apparatus of this 
invention, test runs can be made and the data obtained 
therefrom can be carried over without any substantial 
change to the commercial operations, to obtain identical 
results in dyeing and quality. 
One final feature of the new procedures is the ease 

with which the apparatus may be switched from one 
treating or dye liquor to another. Thus, at the end of 
any particular dyeing, all that needs to be done is to 
pump out the dye liquor remaining in the system, re 
move the exit treating liquor and circulate a clean 
ing solution through the system. A suitable clean 
ing solution is a hot solution of caustic and hydro 
sulphite. After this cleaning liquor is removed, the new 
dye liquor and exit liquor are pumped in, and dyeing 
with the second shade commences immediately. In 
actual runs, it has been found that a complete change 
can be accomplished in as short a time as five minutes. 
This compares most favorably with the three to four 
hours which have been required with earlier dyeing 
methods and apparatus. 

CONCLUSIONS 
There has been presented above a general description 

of new processes and apparatus for modifying textile 
and like materials by treatment with aqueous liquors 
at elevated temperatures. This general description has 
been followed by specific examples of actual opera 
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tions and also by detailed discussion of different variables 
associated with the procedures. - . . . . 
The new operations as described constitute a substan 

tial departure from all established and known procedures 
for dyeing or treating of textile materials with aqueous 
liquors. The tremendous advantages made possible by 
these new type operations have already caused them 
to be adopted widely on a commercial scale. 
We claim: 
1. In the art of treating textile material in continuous 

length with an aqueous liquor selected from the group 
consisting of dyeing and dye reducing liquors and where 
in the textile material is penetrable by-, said aqueous 
liquor, the steps which comprise continuously passing 

- said textile material, without first passing the same 
through a bath of molten metal whereby the textile mate 
rial will be free of metal penetrations and adhesions, 
through a fluid layer of said aqueous liquor floating on a 
bath of molten metal which does not chemically react 
with said textile material and the aqueous liquor thereon, 
passing the textile material directly from the aqueous 
liquor into said molten metal bath without exposure to 
the atmosphere, and continuously passing the treated 
textile material downwardly to a substantial depth, later 
ally and upwardly in a continuous molten metal path, 
whereby aqueous liquor taken up by the textile material 
as the latter travels through the floating layer may be 
subjected during its passage through said path of molten 
metal to chemical reaction, penetration, and uniform 
squeezing due to the temperature and the pressure of 
the molten metal, the melting point of the metal of the 
molten metal bath being not more than about 100 C. 
and the molten metal having a temperature below that 
at which substantial ebullition of the aqueous liquor 
0CCS. 

2. In the process of claim 1, providing a a small volume 
of the aqueous liquor, floating the small volume of 
aqueous liquor on top of the molten metal, and sub stantially continuously replenishing the aqueous liquor 
as it is absorbed by the textile material. 

3. A process as recited in claim 1 in which the con 
tinuous molten metal path is longer than the path of 
EY of the said textile material through the said floating 
quor. 
4. In the art of dyeing textile material in continuous 

length with an aqueous dye liquor and wherein the tex 
tile material is penetrable by said aqueous liquor, the 
steps which comprise continuously passing said textile 
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material, without first passing the same through a bath 
of molten metal, whereby the textile material will be 
free of metal penetrations and adhesions, through a fluid 
layer of said aqueous liquor floating on a bath of molten 
metal which does not chemically react with said textile 
material and the aqueous dye thereon, passing the textile 
material directly from the aqueous liquor into said 
molten metal bath without exposure to the atmosphere, 
and continuously passing the treated textile material 
downwardly to a substantial depth, laterally and up 
wardly in a continuous molten metal path, whereby aque 
ous liquor taken up by the textile material as the latter 
travels through the floating layer may be subjected dur 
ing its passage through, said bath of molten metal to 
chemical reaction, penetration and uniform squeezing due 
to the temperature and the pressure of the molten metal, 
the melting point of the metal of the molten metal 
bath being not more than about 100° C. and the molten 
metal having a temperature below that at which sub 
stantial ebullition of the aqueous liquor occurs. 

5. In the process of claim 4, floating a plurality of 
different aqueous dye liquors at separate locations on the 
surface of the molten metal, and passing separate yarns 
simultaneously through such separate locations, whereby 
the yarns are differently dyed simultaneously. 

6. A process as recited in claim 4 in which the dye 
is selected from the group consisting of vat dyes and 
sulfur dyes. 

7. In the art of dyeing textile material in continuous 
length with an aqueous dye liquor and wherein the tex 
tile material is penetrable by said aqueous liquor, the 
steps which comprise continuously passing said textile 
material, without first passing the same through a bath 
of molten metal whereby the textile material will be 
free of metal penetrations and adhesions, through a fluid 
layer of said agueous liquor floating on a bath of molten 
metal which does not chemically react with said textile 
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material and the aqueous dye thereon, passing the tex 
tile material directly from the aqueous liquor into said 
molten metal bath without exposure to the atmosphere, 
and continuously passing the treated textile material 
downwardly to a substantial depth and upwardly in a 
continuous molten metal path which is substantially ver 
tical along the greater part of its length, whereby aqueous 
liquor taken up by the textile material as the latter 
travels through the floating layer may be subjected dur 
ing its passage through said bath of molten metal to 
chemical reaction, penetration and uniform squeezing 
due to the temperature and the pressure of the molten 
metal, the melting point of the metal of the molten 
metal bath being not more than about 100° C. and the 
molten metal having a temperature below that at which 
substantial ebullition of the aqueous liquor occurs. 

8. In the art of dyeing textile material in continuous 
length with an aqueous dye liquor, said textile material 
having interstitual voids therein whereby the textile ma 
terial is penetrable by the said aqueous liquor, the steps 
which comprise continuously passing said textile mate 
rial, without first passing the same through a bath of 
molten metal whereby the textile material will be free 
of metal penetrations and adhesions, through a fluid 
layer of said aqueous liauor floating on a bath of molten 
metal which does not chemically react with said textile 
material and the aqueous dye thereon, passing the textile 
material directly from the aqueous liquor into said molten 
metal bath without exposure to the atmosphere, and 
continuously passing the treated textile material down 
wardly to a substantial depth, laterally and upwardly in 
a continuous molten metal path, whereby aqueous liquor 
taken up by the textile material as the latter travels 
through the floating layer may be subjected during its 
passage through said path of molten metal to chemical 
reaction, penetration and uniform squeezing due to the 
temperature and the pressure of the molten metal, the 
melting point of the metal of the molten metal bath 
being not more than about 100 C, and the molten metal 
having a temperature below that at which substantial 
ebullition of the aqueous liquor occurs. 

9. In the art of dyeing textile material in continuous 
length upon which a dyestuff in unreduced form has been 
padded, said textile material having interstitial voids 
therein whereby the textile material is penetrable by 
an aqueous dye reducing liquor, the steps which com 
prise continuously passing said textile material, without 
first passing the same through a bath of molten metal 
whereby the textile material will be free of metal pene 
trations and adhesions, through a fluid layer of an aque 
ous dye reducing liquor floating on a bath of molten 
metal which does not chemically react with said tex 
tile material and the aqueous liquor thereon, passing the 
textile material directly from the aqueous liquor into 
the said molten metal bath without exposure to the 
atmosphere, and continuously passing the treated tex 
tile material downwardly to a substantial depth, later 
ally and upwardly in a continuous molten metal path, 
whereby aqueous liquor taken up by the textile mate 
rial as the latter travels through the floating layer may 
be subjected during its passage through said path of 
molten metal to chemical reaction, penetration and uni 
form squeezing due to the temperature and the pressure 
of the molten metal, the melting point of the metal of 
the molten metal bath being not more than about 100° 
C. and the molten metal having a temperature below 
that at which substantial ebullition of the aqueous liquor 
OCCS, 

10. In the art of dyeing textile material in continuous 
length with an aqueous liquor containing at least one 
dye selected from the group consisting of vat and sulfur 
dyes and mixtures thereof, alkali and reducing agent, 
said textile material having interstitial voids therein 
whereby the textile material is penetrable by the said 
aqueous liquor, the steps which comprise continuously 
passing said textile material, without first passing the 
same through a bath of molten metal whereby the tex 
tile material will be free of metal penetrations and adhe 
sions, through a layer of said aqueous liquor floating on 
a bath of molten metal which does not chemically react 
with said textile material and the aqueous liquor thereon, 
passing the textile material directly from the aqueous 
liquor into said molten metal bath without exposure to 
the atmosphere, and continuously passing the treated 
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textile material downwardly to a substantial depth, later 
ally and upwardly in a continuous molten metal path, 
whereby aqueous liquor taken up by the textile mate 
rial as the latter travels through the floating layer may 
be subjected during its passage through said path of 
molten metal to chemical reaction, penetration and uni 
form squeezing due to the temperature and the pressure 
of the molten metal, the melting point of the metal of 
the molten metal bath being not more than about 100 
C. and the molten metal having a temperature above 60 
C. and below that at which substantial ebullition of the 
aqueous liquor occurs. 

11. In the process of claim 10, providing a small vol 
ume of the aqueous liquor, floating the small volume 
of liquor on top of the molten metal, and substantially 
continuously replenishing the aqueous liquor as it is 
absorbed by the textile material. 

12. In the art of dyeing textile material in continuous 
length upon which has been padded at least one dye 
selected from the group consisting of vat and sulfur 
dyes and mixtures thereof, said textile material having 
interstitial voids therein whereby the textile material is 
penetrable by an aqueous liquor, developing said dye 
by the steps which comprise continuously passing said 
textile material, without first passing the same through 
a bath of molten metal whereby the textile material will 
be free of metal penetrations and adhesions, through an 
aqueous layer of liquor containing alkali and reducing 
agent floating on a bath of molten metal which does not 
chemically react with said textile material and the aque 
ous liquor thereon, passing the textile material directly 
from the aqueous liquor into said molten metal bath 
without exposure to the atmosphere, and continuously 
passing the treated textile material downwardly to a sub 
stantial depth and upwardly in a continuous molten metal 
path, whereby the said aqueous liquor taken up by the 
textile material as the latter travels through the foating 
layer may be subjected during its passage through said 
path of molten metal to chemical reaction, penetration 
and uniform squeezing due to the temperature and the 
pressure of the molten metal, the melting point of the 
metal of the molten metal bath being not more than 
about 100° C. and the molten metal having a tempera 
ture above 60 C. and below that at which substantial 
ebuilition of the aqueous liquor occurs. 

13. In the process of claim 12, providing a small 
volume of the aqueous liquor, floating the small volume 
of liquor on top of the molten metal, and substantially 
continuously replenishing the aqueous liquor as it is 
absorbed by the textile material. 

14. In the art of treating textile material in continuous 
length with an aqueous liquor selected from the group 
consisting of dyeing and dye reducing liquors and where 
in the textile material is penetrable by said aqueous 
liquor, the steps which comprise continuously passing 
said textile material, without first passing the same 
through a bath of molten metal whereby the textile mate 
rial will be free of metal penetrations and adhesions, 
through a fluid layer of said aqueous liquor floating on 
a bath of molten metal which does not chemically react 
with said textile material and the aqueous liquor thereon, 
feeding the aqueous liquor to said floating layer, pre 
heating said aqueous liquor as it is fed to the layer 
whereby said aqueous liquor is introduced to said floating 
layer at elevated temperature, passing the textile mate 
rial directly from the aqueous liquor into said molten 
metal bath without exposure to the atmosphere, and con 
tinuously passing the treated textile material downwardly 
to a substantial depth, laterally and upwardly in a con 
tinuous molten metal path, whereby aqueous liquor taken 
up by the textile material as the latter travels through 
the floating layer may be subjected during its passage 
through said path of molten metal to chemical reaction, 
penetration and uniform squeezing due to the tempera 
ture and the pressure of the molten metal, the melting 
point of the metal of the molten metal bath being not 
more than about 100 C. and the molten metal having a 
temperature below that at which substantial ebullition of 
the aqueous liquor occurs. 

15. A process, as recited in claim 14 in which the 
aqueous liquor is supplied to the said floating aqueous 
layer at substantially the same rate at which the aqueous 
liquor is taken up by the material passing therethrough 
whereby said aqueous layer may be maintained at rela 
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tively small constant volume and at substantially con 
stant temperature and strength. . . . . . 

16. A process as recited in claim 15 in , which the aqueous liquor employed to replenish the aqueous liquor 
in the said layer is heated from a temperature of about 
25 to 30 C. to about 80 C. just prior to its addition to the layer. 

17. A process as recited in claim 15 in which a portion 
of the said aqueous liquor floating on the molten metal 
bath is withdrawn, heated to a temperature of about 80 
C., and then recycled for return to the body of liquor 
from which it was withdrawn at a sufficient rate to main 
tain, the temperature of the floating liquor substantially 
constant. 

18. A process as recited in claim 14 in which the said aqueous liquor contains hydrosulphite. 
19. In the art of treating textile material in continuous 

length with an aqueous liquor selected from the group. 
consisting of dyeing and dye reducing liquors, and 

220 
said textile material and continuously passing said heated 
textile material, without first passing the same through a 

wherein the textile material is penetrable by said aqueous liquor, the steps which comprise continuously preheating 

bath of molten metal whereby the textile material will be: 
free of metal penetrations and adhesions, through a fluid. 
layer of said, aqueous liquor floating on a bath of molten 
metal which does not chemically react with said textile. 
material and the aqueous liquor thereon, passing the 
textile material directly from the aqueous liquor into said : 
molten metal bath without exposure to the atmosphere, 
and continuously passing the treated textile material 
downwardly to a substantial depth, laterally, and up 
wardly in a continuous molten metal path, whereby aque 
ous liquor taken up by the textile, material as the latter 
travels through the floating layer may be subjected 
during its passage through said path of molten metal to . 
chemical reaction, penetration and uniform squeezing due 
to the Lemperature and the pressure of the molten metal 

10 
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35 

the melting point of the metal of the molten metal bath. 
being not more than about 100 C, and the molten metal 
having a temperature. below that at which substantial. 40 
ebullion of the aqueous liquor occurs. , 

2U. In the art of treating textile-material. in continuous. 
length with an aqueous liquor selected from the group. 
consisting of dyeing and dye reducing liquors and where 
in the textile material is penetrable by said aqueous 
liquor, the steps, which comprise continuously heating 
said textile material to a temperature between 70° C. and 
120° C. and continuously passing said heated textile-ma 
terial. Without first passing... the same through a bath of 
molen metal whereby the textile material. will be free of 
metal penetrations and adhesions, through a fluid layer 
of said aqueous: liquor floating on a bath of molten metal 
which does not chemically react. with said textile mate 
rial; and, the, aqueous liquor thereon, passing the textile. 
material directly from the aqueous-liquor into said molten. 
metal bath without exposure to the atmosphere, and con 
tinuously passing the treated textile material downwardly 
to a substantial depth, laterally. and upwardly in a con 
tinuous molten, metal path,. Whereby aqueous liquor, takens 
up by the textile material as the latter travels through 
the floating layer may be. Subjected during its passage. 
through said path of molten metal to, chemical reaction, 
penetration and uniform Squeezing due to the tempera 
ture and the pressure of the molen metal, the melting: 
point of the metal of the... molten metal. bath being be 
tween about 60° C. and about 100 C, said molten metal 
having a temperature above .60 C. and below that at 
which substantial ebullition of the aqueous liquor occurs. 

21. A process, as, recited in claim: 20 in which said 
floating...aqueous layer contains hydroSulphite, together 
with an antioxidant to inhibit the formation of sludge-on 
the surface of the molten metal bath. 

22. A process as recited in claim 20 in which said 
floating aqueous layer is maintained in comparatively 
small volume and is substantially continuously replen 
ished with fresh aqueous liquor as the same is absorbed 
by said textile material, said replenishing liquor being 
heated to approximately the temperature of said floating 
aqueous layer as it is supplied to said layer. 

23. A process as recited in claim 20 in which the 
temperature of the preheated impregnated textile mate 
rial is above the freezing point of the metal in the molten 
metal bath when it enters said bath. 

24. In the art of treating textile material in continuous 
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length with an aqueous liquor selected from the group 
consisting of dyeing and dye reducing liquors and where 
in the textile material is penetrable by said aqueous 
liquor, the steps which comprise continuously passing 
said textile material, without first passing the same 
through a bath of molten metal whereby the textile mate 
rial will be free of metal penetrations and adhesions; 
through a fluid layer of said aqueous liquor floating on. 
a bath of molten metal which does not chemically react 
with said textile material and the aqueous liquor thereon, 
passing the textile material directly from ... the aqueous 
liquor into said molten metal bath without exposure to 
the atmosphere, and continuously passing the treated. 
textile material downwardly to a substantial depth, later 
ally and upwardly in a continuous molten metal path, 
whereby aqueous liquor taken up by the textile material. 
as the latter travels through the floating layer may be 
subjected during its passage through said path of molten. 
metal to chemical reaction; penetration and uniform. 
squeezing due to the temperature and the pressure of the 
molten metal, the melting point of the metal of the 
molten metal bath being not more than about 100° C. 
and the molten metal having a temperature below that 
at which substantial ebullition of the aqueous liquor 
occurs, and then passing said textile material through an 
aqueous liquor, which is linert to the molten metal and 
is not deleterious to the dyeing liquor on the textile mate 
rial, floating on the surface of said molten metal bath 
at the exit side of said molten, metal bath where said 

30 textile material leaves said bath to thereby reduce the . 
tendency of said textile material to pick up scum, and 
particles of molten metal. 

25. The art of treating textile material in continuous. 
length as recited in claim 24 in which said aqueous liquor 
floating at the exit side of said metal bath, is a solution. 
of a salt Selected from the group consisting of sodium. 
chloride and Glauber salt... .. 

26. The art of treating textile material in continuous 
length: as recited in claim 25 in which said aqueous treat 
ing liquor: contains hydrosulphite and said aqueous liquor 
floating at the exit side of said metal bath is maintained 
alkaline. 

27. The art of treating textile material in continuous 
length as recited in claim 24 in which said aqueous liquor 

45 floating at the exit side of said metal bath is a solution. of allower saturated mono-carboxylic acid. 
28. In the art of treating textile material in continuous length with an aqueous hydrosulphite containing liquor. 

selected from the group consisting of dyeing and dye re 
ducing liquors and wherein the textile material is pene 
trable by said aqueous liquor, the steps, which comprise . 
continuously passing said textile material, without first 
passing the same through a bath of molten metal whereby. 
the textile, material will be free of metal penetrations and adhesions, through a fluid layer of said aqueous liquor: 
floating on a bath of molten metal which does not chemi 
cally react with said; textile material and the aqueous: 
liquor thereon, passing the textile material directly from 
the aqueous: liquor into said molten metal bath without 
exposure to the atmosphere, and continuously, passing. 
the treated textile material downwardly to a substantial 
depth, laterally and upwardly in a continuous molten' 
metal pathy whereby aqueous-liquor taken up by the textile. 
material as the latter travels: through the floating layer 
may be subjected during its passage through said path of 
molten metal to chemical reaction, penetration and uni form. Squeezing due to the: temperature and the press 
Sure of the molten metal, the melting point of the metal. 
of the molten metal bath being not more than about 
100 C, and the molten metal having a temperature. 
below that at which substantial ebullition of the aqueous: liquor occurs, said aqueous hydrosulphite containing 
liquor also containing an amount of an antioxidant ef. 
fective to inhibit the tendency of said hydrosulphite to 
decompose to form products which attack the metal of the 
molten metal bath to form a sludge on the surface of the molten metal bath. 

29. A process as recited in claim 28 in which said 
antioxidant is a reducing sugar. 

30. Apparatus for the continuous treatment of textile 
material in continuous length comprising a vessel having 
side and end walls and a bottom, a vertical partition 
member in the vessel between the side walls and spaced 
from the bottom, the inner faces of the side and end walls and the faces of the partition member together 
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defining a passage of U-shape whose limbs are substan 
tially wholly vertical and through which the material 
passes, the inner faces of the side walls being closely 
spaced along their length from the faces of the partition 
member, said faces presenting narrow projections to pre 
vent sticking of the said material thereto, said passage 
forming a container for molten metal and having a Sub 
stantially vertical downward entry run and a substantially 
vertical upward exit run, and an open-bottomed trough 
at the top of the entry run for supporting a layer of treat 
ing liquor on the surface of the molten metal so that the 
material passes through the treating liquor prior to en 
tering the molten metal, and heating means thermally 
connected with said side walls and said vertical partition 
member for maintaining the metal which is to be placed 
within the said container in molten condition. 

31. An apparatus as recited in claim 30 in which the 
said heating means are disposed within said side walls 
and said vertical partition member. 

32. An apparatus as recited in claim 30 in which there 
is provided means for automatically maintaining the 
treating liquor at a substantially constant depth in the 
trough. 

33. An apparatus as recited in claim 30 in which 
molten metal having a melting point not more than about 
100° C. fills said U-shaped passage and extends above the 
bottom of said trough. 

34. An apparatus as recited in claim 30 in which metal 
having a melting point not more than about 100 C. fills 
said U-shaped passage and extends above the bottom of 
said trough. 

35. In the art of treating textile material in continuous 
length with an aqueous liquor selected from the group 
consisting of dyeing and dye reducing liquors and wherein 
the textile material is penetrable by said aqueous liquor, 
the steps which comprise continuously heating said tex 
tile material to a temperature between 70° C. and 120°C. 
and continuously passing said heated textile material, 
without first passing the same through a bath of molten 
metal whereby the textile material will be free of metal 
penetrations and adhesions, through a fluid layer of said 
aqueous liquor floating on a bath of molten metal which 
does not chemically react with said textile material and 
the aqueous liquor thereon, said floating aqueous layer 
being maintained in comparatively small volume and 
being substantially continuously replenished with fresh 
aqueous liquor as the same is absorbed by said textile 
material, said replenishing liquor being heated to ap 
proximately the temperature of said floating aqueous 
layer as it is supplied to said layer, passing the textile 
material directly from the aqueous liquor into said molten 
metal bath without exposure to the atmosphere, and con 
tinuously passing the treated textile material downwardly 
to a substantial depth, laterally and upwardly in a con 
tinuous molten metal path, whereby aqueous liquor 
taken up by the textile material as the latter travels 
through the floating layer may be subjected during its 
passage through said path of molten metal to chemical 
reaction, penetration and uniform squeezing due to the 
temperature and the pressure of the molten metal, the 
melting point of the metal of the molten metal bath be 
ing between about 60° C. and about 100 C., said molten 
metal having a temperature about 60 C. and below that 
at which substantial ebullition of the aqueous liquor oc 
curs, and then passing said textile material through an 
aqueous liquor, which is inert to the molten metal and 
is not deleterious to the dyeing liquor on the textile ma 
terial, floating on the surface of said molten metal bath 
at the exit side of said molten metal bath where said 
textile material leaves said bath. to thereby reduce the 
tendency of said textile material to pick up scum and 
particles of molten metal. 
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36. In the art of treating textile material in con tinuous length with an aqueous hydrosulphite contain-- 

ing liquor selected from the group consisting of dyeing 
and dye reducing, liquors and wherein the textile mate 
rial is penetrable by said aqueous liquor, the steps which 
comprise continuously passing said textile material, with 
out first passing the same through a bath of molten metal 
whereby the textile material will be free of metal pene 
trations and adhesions, through a fluid layer of said aque 
ous liquor floating on a bath of molten metal which does 
not chemically react with said textile material and the 
aqueous liquor thereon, said floating aqueous layer being 
maintained in comparatively small volume and being 
substantially continuously replenished with fresh aque 
ous liquor as the same is absorbed by said textile mate 
rial, said replenishing liquor being heated to approxi 
mately the temperature of said floating aqueous layer 
as it is supplied to said layer, passing the textile material 
directly from the aqueous liquor into said molten metal 
bath without exposure to the atmosphere, and continu 
ously passing the treated textile material downwardly to 
a Substantial depth, laterally and upwardly in a continu 
ous molten metal path, whereby aqueous liquor taken 
up by the textile material as the latter travels through the floating layer may be subjected during its passage 
through said path of molten metal to chemical reaction, 
penetration and uniform squeezing due to the tempera 
ture and the pressure of the molten metal, the melting 
point of the metal of the molten metal bath being not 
more than about 100 C. and the molten metal having a 
temperature below that at which substantial ebullition of 
the aqueous liquor occurs, said aqueous hydrosulphite 
containing liquor also containing an amount of an anti 
oxidant effective to inhibit the tendency of said hydro 
sulphite to decompose to form products which attack the 
metal of the molten metal bath to form a sludge on the 
Surface of the molten metal bath, and then passing said 
textile material through an aqueous liquor, which is in 
ert to the molten metal and is not deleterious to the 
dyeing liquor on the textile material, floating on the sur 
face of said molten metal bath at the exit side of said 
molten metal bath where said textile material leaves said 
bath to thereby reduce the tendency of said textile 
matrial to pick up scum and particles of molten metal. 
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